In mesophyll cells of Vallisneria gigantea Graebner, an aquatic angiosperm, the association of the plasma membrane with the cell wall at the end wall has been reported to be indispensable for the mechanism that maintains the stationary organization of the bundles of microfilaments (MFs) [Masuda et al. (1991) Protoplasma 162: 151]. To identify putative extracellular components that might play a crucial role in this mechanism, we examined the effects of two exogenously applied synthetic hexapeptides, GRGDSP and ARYDEI, which include an RGD and an RYD motif, respectively. The RGD motif is known as a recognition site in molecules required for adhesion to the substratum at sites of focal contacts. Within 24 h, both peptides (at concentrations of 1-15 mM) induced extremely abnormal patterns of cytoplasmic streaming, as well as the striking disruption of the arrangement of bundles of MFs. GRGESP and ARYEEI peptides, used as controls, had no detectable effects. Immunofluorescence microscopy revealed that polyclonal antibodies against the ARYDEI peptide bound to the cell walls of mesophyll cells while a preimmune serum did not. Western blotting analysis demonstrated that the antibodies recognized polypeptides of 54 kDa and 27 kDa in an extract of total proteins from the leaves of Vallisneria. The results suggest that some extracellular protein(s), with a conserved RGD or RYD motif in its amino acid sequence, might be involved in the maintenance of the stationary organization of the bundles of MFs.
has also been the case for the extracellular matrices (ECMs) of animal cells (for reviews, see Roberts 1990, Wyatt and . The fixation of the axis in zygotes of the brown alga Fucus involves the linkage of microfilaments (MFs) to the cell wall at the site of the future rhizoid, with the probable participation of transmembrane factor(s) (Brawley and Robinson 1985 , Kropf et al. 1988 , Quatrano et al. 1991 . In tobacco cultured cells, the presence of the cell wall is indispensable for the intracellular positioning of the nucleus (Katsuta and Shibaoka 1988) , and for the cold-stability of cortical microtubules (MTs) (Akashi et al. 1990 ). In the latter case, extensin, one of the structural proteins of the cell wall, can replace the cell wall when it is applied exogenously to protoplasts from these cells (Akashi et al. 1990 ). In addition, exogenous treatment of the protoplasts with a protease renders the cortical MTs sensitive to cold and often disrupts the parallel arrays of MTs, observations that suggest the involvement of transmembrane factors) in the interactions between the cortical MTs and the cell wall through the plasma membrane (Akashi and Shibaoka 1991) .
In animal cells, the ECM is composed of a variety of substrate-adhesion molecules, such as fibronectin (Fn) and vitronectin (Vn), and it is known to play important roles in the regulation of the growth, differentiation, and migration of cells. It seems likely that the structural organization of focal contacts, which are important for the adhesion of cells to and the migration of cells on the substratum (for reviews, see Burridge et al. 1988, Luna and Hitt 1992) , might serve as a good model for investigations of linkage of MFs to the plant cell wall. At the sites of focal contacts, members of a class of transmembrane receptors that are known as integrins (for reviews, see Buck and Horwitz 1987 , Hynes 1987 , Albelda and Buck 1990 , whose extracellular domains recognize the Arg-Gly-Asp (RGD) tripeptide sequence in Fn, mediate the adhesion of cells to the substratum Ruoslahti 1984, Ruoslahti and Pierschbacher 1987) . This RGD motif is conserved in substrate-adhesion molecules. It has been proposed that the intracellular domain of each integrin interacts with filamentous (F-) actin through several molecules, such as talin and vinculin (Luna and Hitt 1992) . Peptides that contain the RGD motif have inhibitory effects on phenomena such as cell-matrix adhesion and cellular migration both in vitro (Pierschbacher and Ruoslahti 1984 , Yamada and Kennedy 1984 , Plow et al. 1985 and in vivo (Boucaut et al. 1984 , Naidet et al. 1987 . By contrast, for the complete cytoskeletal organization of focal contacts, the involvement of heparin-binding domains, as well as of the RGD motif, of Fn appears to be indispensable (Woods et al. 1986 , LeBaron et al. 1988 .
Several investigations aimed at identifying functional counterparts of the components of the ECM in plant cells have been reported. In four species of flowering plants, Sanders et al. (1991) demonstrated that an antiserum raised against human Vn recognized a polypeptide of 55 kDa. The polypeptide was localized in the innermost region of the cell wall in leaves of Lilium and in gynoecia of Vicia. Using a different antiserum against human Vn, Wang et al. (1994) detected a cross-reactive polypeptide of 41 kDa. Wagner et al. (1992) found that the same antiserum as that used by Sanders et al. (1991) inhibited the adhesion to the substratum of two-celled embryos of Fucus. A 62-kDa glycoprotein was recognized by this antiserum and was localized on the cell wall of the elongating tip of the rhizoid.
A synthetic hexapeptide, Gly-Arg-Gly-Asp-Ser-Pro (GRGDSP), specifically blocked the aggregation of protoplasts isolated from NaCl-adapted tobacco cells in culture (Zhu et al. 1993) , and a Vn-like adhesion protein (PVN1) of 55 kDa was purified from these cells (Zhu et al. 1994 ). PVN1 exhibits adhesive activity and binds to glass surfaces and heparin. Zhu et al. (1994) proposed that the association of PVN1 with the cell surface might be mediated via binding to a proteoglycan(s) with properties similar to those of heparin. The surface glycoprotein gp63 of Leishmania, which has been implicated in cellular adhesion to macrophages, includes the Arg-Tyr-Asp (RYD) motif (Miller et al. 1990) , which has been shown to mimic both functionally and antigenically the RGD motif of Fn (Soteriadou et al. 1992) . The partial amino acid sequence of PVN1 also includes the RYD motif (Zhu et al. 1994) . However, no investigations in plant cells have yet been reported of the mode of interaction between putative components of the ECM and the intracellular cytoskeletal MFs.
In the ectoplasmic layer of mesophyll cells of Vallisneria gigantea Graebner, an aquatic angiosperm, bundles of MFs are aligned parallel to one another to form arrays along the four anticlinal walls, namely, the two longer side walls and the two shorter end walls Nagai 1983, Ryu et al. 1995) . The bundles of MFs serve as the tracks for rotational cytoplasmic streaming Nagai 1983, Masuda et al. 1991) , as they do also in Characean cells (for reviews, see Kamiya 1981, Tazawa and Shimmen 1987) . The MFs are composed mainly of Factin (Masuda et al. 1991 , Ryu et al. 1995 . In single mesophyll cells that had been isolated by enzymatic digestion, Masuda et al. (1991) found that hypertonic treatment induced abnormal arrays of bundles of MFs and, as a consequence, abnormal patterns of cytoplasmic streaming with concomitant plasmolysis at the end walls of the cells. While addition of inhibitors of proteases to the solution of enzymes used for the isolation of single cells suppressed the disturbance of the tracks for the cytoplasmic streaming, exogenously applied proteases promoted this disturbance. Treating pieces of leaf with cytochalasin B, Ryu et al. (1995) showed that the bundles of MFs at the end walls were more resistant to the action of this drug than those at the side walls. Furthermore, the resistance of the bundles of MFs at the end walls vanished after treatment of the cells with exogenous trypsin.
The results that we have obtained to date suggest that association of the plasma membrane with the cell wall, presumably at the end walls, is indispensable for the mechanism that maintains the stationary organization of the bundles of MFs and, moreover, that a protease-sensitive factor(s) is involved in the mechanism. In the present study, to explore putative extracellular component(s) that might play a crucial role in this mechanism, we examined the effects of exogenously applied synthetic hexapeptides that included the RGD or RYD motif on both the pattern of cytoplasmic streaming and the arrays of bundles of MFs. If the putative extracellular component(s) were to include the RGD or RYD motif, we would expect these synthetic peptides to have some competitive effects. We also raised polyclonal antibodies against a synthetic peptide and localized the antigen by immunofluorescence microscopy. We also examined the cross-reactivity of the antibodies with proteins extracted from the leaves of Vallisneria by Western blotting analysis.
Materials and Methods
Plant material-Vallisneria gigantea Graebner was purchased at a tropical-fish store and cultured in water-filled buckets with soil at the bottom. The culture was kept under a cycle of 12 h of light at 2,000 lux, from fluorescent lamps (FL20S-PG; National, Kadoma), and 12 h of darkness at 20 to 25°C.
Pretreatment of specimens-To obtain cells of nearly the same age, we consistently took leaf segments of about 10 cm in length from a site about 40 cm from the base of each leaf. Each segment was cut into smaller pieces of about 1 cm in length. These pieces were then cut along the longitudinal or transverse axis of the leaf to expose the side walls or the end walls, respectively. The trimmed pieces of leaves were incubated under the original light regime for 24 h in APW [0.05 mM KC1, 0.2 mM NaCl, 0.1 mM Ca(NO 3 ) 2> 0.1 mM Mg(NO 3 ) 2 and 2 mM PIPES buffer at pH 7.0]. For geometric reasons, it is impossible to observe both side or end walls of a cell at the same time. Therefore, each wall was observed separately.
Treatment of cells with synthetic hexapeptides-Pretreated cells were exposed to the synthetic peptide GRGDSP (RGD peptide) or to the synthetic peptide ARYDEI (RYD peptide) at the concentrations and for the periods of time indicated in the text. The synthetic peptides GRGESP (RGE peptide) and ARYEEI (RYE peptide) were used as the respective control peptides. Preparations of the RGD and RGE peptides, both of which were more than 95% pure, were purchased from Iwaki Glass Co. (Chiba, Japan). The RYD peptide, which is a part of the amino acid sequence of PVN1 (Zhu et al. 1994) , and the RYE peptide were synthesized as HC1 salts at the PEPTIDE INSTITUTE, Inc. (Minoh, Japan) and the preparations were more than 97% pure. Each peptide was dissolved in a buffered solution that contained 0.1 mM KC1, 0.1 mM NaCl, 1 mM EGTA, 10 /xM free Ca 2+ ions (added as CaCl 2 ) and 10 mM HEPES, with the pH adjusted to 7.0 with NaOH. At a given time after the start of each treatment, cytoplasmic streaming along the side walls or the end walls was examined under a light microscope (Optiphoto-2; Nikon, Tokyo) equipped with differential interference contrast optics and an epifluorescence illumination system. Observations were recorded with a television camera (WV-1550; National) and stored on videotape with a recorder (HV-BS53; Mitsubishi Electric, Tokyo). Then the specimens were processed for visualization of MFs to compare the fluorescent images with the patterns of cytoplasmic streaming.
Staining of MFs-MFs were visualized by staining with FITC-phalloidin (Molecular Probes, Junction City, OR), as described by Kakimoto and Shibaoka (1987) with slight modifications (Masuda et al. 1991) . The specimens were mixed with lysis buffer that contained 220 nM FITC-phalloidin, 1.0 mM NaCl, 2.5 mM KC1, 0.5 mM Mg (NO 3 ) 2> 0.02% (w/v) Triton X-100, 0.1% (w/v) />-phenylenediamine, 10 mM EGTA, 100 mM potassium phosphate (pH 6.8), and protease inhibitors [100 ftg ml" 1 leupeptin, 40^gml~' (p-aminophenyl) methanesulfonylfluoride hydrochloride, 80^gml~' chymostatin, and 8/jgmF
1 pepstatin]. After incubation for 30 min at 25°C, the specimens were examined with the light microscope. A BA520-560 filter was used to eliminate the autofluorescence of chlorophyll. Micrographs were taken with Tri-X pan film (ISO 400, Kodak).
Conjugation of the synthetic R YD peptide with hemocyanin and with bovine serum albumin-Hemocyanin from the keyhole limpet was dissolved in phosphate-buffered saline (PBS) at 1 mg ml" 1 and the RYD peptide was added at the same concentration. The mixture was supplemented, dropwise, with an equal volume of freshly prepared 2% glutaraldehyde, with constant stirring at 4°C. The reaction was stopped after 1 h by the addition of solid sodium borohydride to a final concentration of 10 mg ml"' (250 mM). After incubation for 1 h at 4°C, the reaction mixture was dialyzed overnight against PBS. The RYD peptide was conjugated similarly with bovine serum albumin (BSA).
Preparation of polyclonal antibodies against the RYD peptide and their purification-A rabbit was immunized by three injections of 500 us of the RYD peptide that had been conjugated with hemocyanin in the presence of complete Freund's adjuvant at three-week intervals. Then blood from the immunized rabbit was centrifuged at 10,000 xg for 30 min at 4°C and the supernatant (serum) was used as polyclonal antibodies. Further purification of antibodies was performed by an affinity method as follows. After SDS-PAGE of the peptide that had been conjugated with BSA, the conjugated peptide on the gel was transferred to a nitrocellulose membrane, which was stained briefly with Arnido black. Then the stained area corresponding to the conjugated peptide was cut out as a strip. The rabbit's serum was applied to several such strips, with incubation for 30 min at 36°C, and then the strips were washed thoroughly with PBS that contained 0.05% Tween 20 (PBS-T). The adsorbed antibodies were finally released by treatment of strips with 200 mM glycine-HCl, pH 2.6, and the solution was immediately neutralized with Tris base at 4°C.
Immunofluorescence microscopy-Each leaf segment of about 0.5 cm in length was cut open in the middle of the layers of mesophyll cells to yield clear periclinal views of mesophyll cells.
Samples were then pretreated as described above {Pretreatment of specimens). Pretreated specimens were fixed in a 3.7% solution of formaldehyde in 50 mM phosphate buffer (PB; pH 6.8) at room temperature for 12 h. Fixed specimens were washed several times with PB at 10-min intervals. Washed specimens were incubated with 1% BSA in PBS for 1 h at 36 C C and then with serum that contained polyclonal antibodies against the RYD peptide (diluted 1 : 500 in PBS plus 1% BSA). After six washes for 10 min each with PBS-T, the specimens were incubated for 1 h at 36°C with rhodamine-conjugated antibodies that had been raised in goat against rabbit IgG (CAPPEL™ Research Products, Durham, NC), diluted 1 : 1,000 in PBS plus 1% BSA. The labelled specimens were washed again in PBS-T for 15 min and mounted in 1 mg ml" 1 p-phenylenediamine-glycerol (pH 8.0). They were examined with the epifluorescent microscope which was equipped with x 10 and x 20 objective lenses. Micrographs were taken with Ektachrome 400 film (Kodak).
Western blotting analysis-The cross-reactivity of the polyclonal antibodies raised against the RYD peptide with proteins from Vallisneria gigantea was examined by Western blotting analysis.
A leaf segment (1 g in fresh weight) was cut into smaller pieces, which were immersed in liquid nitrogen and ground in a motar with a pestle. Proteins were extracted for 3 min in 2 ml of sample buffer for SDS-PAGE (0.25 M Tris-HCl buffer containing 8% SDS, 40% glycerol, 8% 2-mercaptoethanol, pH 6.8) over boiling water to prevent proteolysis, and then the extract was centrifuged at 2,800 xg for 5 min. The extracted proteins (whole extract) were separated by SDS-PAGE on a 10% polyacrylamide gel (Laemmli 1970) and then electroblotted onto a PVDF membrane. A portion of the membrane was subjected to staining with Coomassie brilliant blue R. The other portion was blocked by soaking in PBS plus 1% BSA for 1 h at 36°C and then it was incubated with the affinity-purified primary antibodies (diluted 1 : 1 in the same solution) for 1 h at 36°C. After five washes for 5 min each with PBS-T, the membrane was incubated with peroxidase-conjugated antibodies raised in donkey against rabbit IgG (Amersham Life Science, Buckinghamshire, U.K.) (diluted 1 : 1,000 in PBS plus 1% BSA) for 1 h at 36°C. After five washes with PBS-T, the membrane was washed with PBS to remove Tween 20. Bands of protein were visualized with solutions of 4-chloro-l-naphthol (0.05%) and hydrogen peroxide (0.03%).
Results

Alterations in the pattern of cytoplasmic streaming in the presence of the RGD peptide
Streaming at the side walls-Along the longitudinal axis of each mesophyll cell, we observed several strands of cytoplasm, along which the chloroplasts and cytoplasmic granules streamed at 10-20 //ms" 1 under illumination (Takagi and Nagai 1983) . The strands were aligned almost parallel to one another (normal pattern). The normal pattern of cytoplasmic streaming in each cell became markedly disorganized during incubation of cells with the RGD peptide. The parallel arrays of strands became oblique, curled or formed circle-like arrays (abnormal pattern). We also often observed arrays that were mixed up with one another. The observed changes in the pattern of cytoplasmic streaming and in its direction (lines with arrows in Fig. 1 ) in the treated cells are shown schematically in Figure 1 .
The ratio of the number of cells with a normal pattern of cytoplasmic streaming (Nn) to the total number of cells observed (Ntotal) was plotted, as a percentage, against the duration of treatment and against the concentration of the peptide. Figure 2 shows the time course of the appearance of the effect of the RGD peptide at 15 mM (A). No decrease in Nn was obvious for the first 18 h of treatment. However, about half of the cells had abnormal patterns after 24 h of treatment. However, after prolonged treatment (48 h), the effects were similar to those after 24 h. Next, we treated cells for 24 h with the RGD peptide at various concentrations. As shown in Figure 3 , no effects were detectable at concentrations up to 10 mM, but the effects were considerable at 15 mM (A). The RGE peptide, used as a control peptide, did not induce any abnormal patterns of cytoplasmic streaming during incubations at all concentrations tested (Fig. 3, O) . Streaming at the end walls--When viewed in our system, each end wall resembled a barrel. The cytoplasm streamed along cytoplasmic strands that were aligned almost parallel to one another and perpendicularly to the longer axis of the barrel (normal pattern). The normal pattern of cytoplasmic streaming at the end walls also changed markedly during treatment with the RGD peptide, and the abnormal patterns were similar to those observed at the side walls, as shown schematically in Figure 4 . The time course of appearance of the changes induced by the peptide at the end walls was examined (Fig. 2, O) and compared with that at the side walls. The effects were prominent within 6 h of the start of the treatment, appearing more rapidly than those at the side walls. Moreover, the decrease in Nn was more prominent than at the side walls for each tested concentration of the peptide (Fig. 3, O) . The control peptide RGE had only slight effects (Fig. 3, • ) .
Thus, the exogenously applied RGD peptide disrupted the normal cytoplasmic streaming, probably by disturbing the arrays of MFs, as described below.
Alterations in the pattern of cytoplasmic streaming in the presence of the R YD peptide
The RYD peptide also induced abnormal patterns of cytoplasmic streaming, which were similar to those induced by the RGD peptide, at both the side and the end walls (data not shown). However, the effects of the RYD peptide on the cytoplasmic streaming became evident more rapidly. The time course of the effects of the RYD peptide at 15 mM is shown in Figure 5 . The value of Nn/Ntotal (x 100%), both at the side walls (A) and at the end walls (O) decreased to 60% even after only 12 h of treatment. The effects became clearer with time and the percentage reached 40% after 48 h of treatment. Figure 6 shows the effects of the RYD peptide at various concentrations after 24 h and 48 h. The decrease in Nn at the side walls (A) after 24 h was larger than that induced by the RGD peptide at the same concentration, although the timing of the appearance of the effects at the end walls (O) was almost the same as that observed in the presence of the RGD peptide. After 48 h of treatment, the RYD peptide had a much greater effect at both side and end walls and at all concentrations tested, and the effect was more significant at the end walls (•) than at the side walls (O). The control RYE peptide had almost no effect even after 48 h on the patterns of cytoplasmic O RYD, END WALLS A RYD, SIDE WALLS (48 h streaming at the side and the end walls (#, ffl).
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Disturbance of the stationary organization ofMFs by synthetic peptides
We postulated that alterations in the pattern of cytoplasmic streaming might be brought about by disruption of the normal array of MFs because the cytoplasm streams along bundles of MFs. To examine this hypothesis, we processed cells with abnormal patterns of cytoplasmic streaming for staining of MFs with FITC-phalloidin. Figure 7 shows examples of fluorescence images of bundles of MFs at the side walls of cells treated with the RGD peptide or the control peptide for 24 h at 15 mM. In cells treated with the control peptide, the bundles of MFs ran parallel to one another along the longitudinal axis of each cell (Fig. 7a, b) . This pattern of arrays of bundles closely resembled that observed in cells with the normal pattern of cytoplasmic streaming (cf. Ryu et al. 1995) . In cells treated with the RGD peptide, the arrays of bundles of MFs were very disorganized (Fig. 7c, d , e, f). Some bundles were branched, arranged as circles or in wavy configurations. Some even crossed the longitudinal axis of the cell. Figures 8a and 8b show examples of arrays of bundles of MFs at the end walls of cells that had been treated with the control RGE peptide. They retained the normal arrangement, resembling those in untreated cells (cf. Ryu et al. 1995) . Figure 8 also shows fluorescence images of MFs after treatment with the RGD peptide. The arrays of bundles of MFs in each treated cell were remarkably disorganized.
To compare the effects of the RGD peptide with those of the RYD peptide, we treated cells with the RYD or the RYE peptide under the same conditions as for treatment with the RGD peptide. Figures 9 and 10 show fluorescence images of bundles of MFs obtained after treatment with these peptides, at the side walls and at the end walls, respectively. Thus, disorganized patterns of bundles were induced similarly in each cell treated with the RYD peptide.
The results indicate that both the RGD and the RYD peptide, when applied extracellularly, induced similar disturbance of the normal arrays of bundles of MFs. The control RGE and RYE peptides did not induce any detectable changes in the arrays of bundles of MFs at both side and end walls. Each change in an array of bundles of MFs corresponded precisely to each change in the pattern of cytoplasmic streaming (cf. Fig. 1, 4) . Moreover, we stained cells with FITC-phalloidin after our observations of disturbed tracks of cytoplasmic streaming by video microscopy and, in several cases, we confirmed that the arrays of bundles of MFs had changed to a pattern that corresponded to the pattern of disturbed cytoplasmic streaming (data not shown).
Components that cross-reacted with antibodies against the R YD peptide in the cell wall
From the observations described above, we postulated that components that contained the RGD or RYD motif might be present in the cell wall. To examine this possibility, we raised polyclonal antibodies against the RYD peptide, choosing the RYD peptide because it was more effective than the RGD peptide. The antibodies and preimmune serum were used to examine cross-reactive components in the cell wall by immunofluorescence microscopy. Second antibodies conjugated with rhodamine were used for labeling because the cell wall emits autofluorescence similar to the fluorescence from FITC (Fig. lla) . Figure 1 lb shows an example of a fluorescence image of a mesophyll cell that was viewed periclinally. The labeling was restricted to cell walls (arrowheads) since the fixed cells were not permeable to the antibodies, and it indicated that components that cross-reacted with the antibodies were present, at least, in the cell walls. Small granular structures of 2 to 3 fim in diameter were recognized as chloroplasts from their reddish autofluorescence, and they were clearly distinguishable from the immunofluorescent components of the cell walls. The cell walls were not labeled with the preimmune serum (Fig. lie) .
Polypeptides that cross-reacted with polyclonal antibodies against the R YD peptide
Western blotting analysis revealed that affinity-purified polyclonal antibodies raised against the RYD peptide reproducibly recognized polypeptides of 54 kDa and 27 kDa (Fig. 12b) in an extract of proteins (Fig. 12a) from Vallisneria leaves. The preimmune serum did not recognize any polypeptide (Fig. 12c) , an indication that the cross-reactivity of these polypeptides with the antibodies was specific.
Discussion
Two synthetic hexapeptides, GRGDSP and ARYDEI, found in the cell-adhesion domain of Fn (Pierschbacher and Ruoslahti 1984) and of PVN1 (Zhu et al. 1994) respectively, induced extremely abnormal patterns of cytoplasmic streaming in mesophyll cells of Vallisneria gigantea, with the concomitant and striking disorganization of the arrays of bundles of MFs. To our knowledge, this is the first report of a direct demonstration of the effects of an exogenously applied RGD or RYD peptide on the intracellular organization of MFs in plant cells. There was no evidence of plasmolysis in cells after treatment with either of these peptides at any of the tested concentrations after any experimental time period. This observation suggests that disorganization of the actin cytoskeleton was not due to physical detachment of the plasma membrane from the cell wall but rather to some direct action of these peptides on a putative extracellular target(s). In chick embryo fibroblasts, inhibition of the biosynthesis of Fn by treatment with cycloheximide induced structurally abnormal focal contacts (Meijne et al. 1994) . At the same time, the distribution of ySl integrin in the plasma membrane changed from a punctate, clustered pattern to a dispersed pattern. The ordered distribution of integrins at sites of focal contacts seems to be dependent on interations with an extracellular RGD motif. In our system, it is very probable that the disorganization of the arrangement of bundles of MFs was due to changes in the distribution of putative integrins (or integrin-like molecules) in the plasma membrane, which were caused by impairment of the interaction with extracellular RGD or RYD motifs in the presence of the synthetic peptides.
In combination with previous results obtained in studies with exogenously applied proteases (Masuda et al. 1991 , Ryu et al. 1995 and by electron microscopy (Masuda et al. 1992) , our results strongly suggest the existence of receptors for the RGD or RYD motif, which mediate the interaction between the intracellular MFs and some extracellular component(s) across the plasma membrane. The presence of putative homologs of integrins in plant cells has been reported in cultured root cells of Glycine (Schindler et al. 1989) , in zygotes of Fucus (Quatrano et al. 1991) , and in hyphae of Saprolegnia (Kaminskyj and Heath 1995) . Using affinity chromatography, we are investigating the possible existence of receptor(s) for the RGD or RYD motif in a plasma membrane fraction isolated from the leaves of 
Vallisneria.
Even after treatment of cells with the RYD peptide at 30 mM for 24 h, 20% to 30% of the treated cells retained a normal pattern of cytoplasmic streaming (Fig. 6) . The duration of treatment could not be prolonged beyond 48 or 24 h, respectively, at concentrations of the RYD peptide of 15 or 30 mM because of a decline in the viability of treated cells. The presence of cells resistant to the action of the RYD peptide might indicate the occurrence of an RYDindependent mechanism that maintains the stationary organization of bundles of MFs. However, we cannot exclude the possibility that we underestimated the efiFects of the RYD peptide in this study because, if the bundles of MFs were dislocated but retained as parallel arrays during the treatment with the RYD peptide, we would not have been able to distinguish these bundles from those in normal arrays. Consequently, at present, we propose that the stationary organization of bundles of MFs in all mesophyll cells is maintained through some interaction with the RYD or RGD motif in the cell walls. Although the effective concentrations of RGD and RYD peptides, as monitored after 24 h of treatment, were similar (Fig. 3, 6 ), the efiFects of the RYD peptide became evident much sooner than those of the RGD peptide (Fig. 2, 5) . We cannot explain the difference at present. However, it might be attributable to the difference in the accessibility to these peptides of their putative targets in the cell wall.
The effective concentrations of synthetic peptides that include the RGD motif in studies of the growth of cultured root cells of Glycine (Schindler et al. 1989) , of gravisensing in internodal cells of Chara (Wayne et al. 1992) , of adhesion of protoplasts from tobacco cultured cells (Zhu et al. 1993) , and of adhesion of the plasma membrane to the cell wall in zygotes of Pelvetia (Henry et al. 1996) were all between 0.01 and 1 mM. Similar concentrations were reported in the case of the inhibition of attachment and the spreading of animal cells on a substratum (Yamada and Kennedy 1984) . However, changes in the organization of the actin cytoskeleton were never observed with the RGD peptide at 0.05 mM in the zygotes of Pelvetia (Henry et al. 1996) . The possible effects of synthetic peptides on the actin cytoskeleton were not examined in the other cited reports. The inhibitory effects at 10 mM of a decapeptide that contained the RGD motif on amphibian gastrulation and the migration of avian neural crest cells in vivo were first detected after 6 h and became obvious within 24 to 48 h after application of the peptide (Boucaut et al. 1984) . It is likely that much higher concentrations and much longer treatments are required before any effects of these synthetic peptides on cells in tissues can be observed, as compared to the effects in single-cell systems. In previous studies (Masuda et al. 1991 , Ryu et al. 1995 , we concluded tentatively that bundles of MFs are stabilized preferentially at the end walls of Vallisneria cells. In this study, we observed that the effects of synthetic peptides on cytoplasmic streaming were always more prominent at the end walls than at the side walls (Fig. 2, 3, 5, 6 ), though the differences were not very great in the case of treatment with the RYD peptide. In the case of the RGD peptide, the effects on cytoplasmic streaming at the side walls were not significant at concentrations of the peptide below 10 mM (Fig. 3) . In addition, we often observed that the end walls were labeled more intensely than the side walls during immunofluorescence staining with the polyclonal antibodies against the RYD peptide. These results indicate that the bundles of MFs at the side walls might be less sensitive to the action of synthetic peptides because of the lack of putative receptors for the RGD or RYD motif. It is possible to interpret the disturbance of cytoplasmic streaming that was caused at the side walls by treatment with the RGD peptide at 15 mM (Fig. 3) as the result of the disorganization of the bundles of MFs at the end walls, which were sensitive to the action of the RGD peptide. These possibilities must be examined to validate the tentative conclusion outlined above.
Polypeptides of 54 kDa and 27 kDa were reproducibly detected by immunoblotting analysis with affinity-purified antibodies against the RYD peptide. We did not determine whether these polypeptides were different cross-reactive polypeptides or whether the polypeptide of 27 kDa was a degradation product of the larger polypeptide. The molecular masses of polypeptides in higher plants that crossreacted with the antiserum against human Vn (Sanders et al. 1991 , Zhu et al. 1993 or with polyclonal antibodies against PVN1 (Zhu et al. 1994) were around 55 kDa. After isolation of the 54-kDa polypeptide from the leaves of Vallisneria, its amino acid sequence should be determined to examine possible homology to the polypeptides mentioned above. The precise locations of these polypeptides are unclear at present because, to date, their detection in a cell wall-rich fraction after fractionation of a homogenate of leaves has failed, probably because of the presence of active proteases. However, the polypeptides appear to be located in the cell wall, in view of the results that we obtained by immunofluorescence microscopy (Fig. 11) .
